Gribov's inelastic shadowing makes nuclei more transparent and reduce nuclear cross sections, especially when QCD dynamics (color transparency) is at work. This effect steeply rising with energy has an important impact on the recent results for high-p T hadron production at RHIC. Only the shape of p T -dependence of the d − Au to pp ratio was measured, but the absolute value was calculated. Those calculations are subject to serious corrections: (i) the nuclear inelastic cross section should be considerably reduced due to inelastic shadowing which we evaluate in the light-cone color-dipole formalism. The large saturation effects proposed by Kharzeev-Levin-McLerran imply such a strong Gribov's shadowing for the inelastic d − Au cross section, that the properly normalized measured ratio should agree with the suppression of high-p T hadrons predicted by this model; (ii) further reduction of the nuclear cross section is related to the specific triggering which misses diffractive excitations of the deuteron and gold. We employ the colordipole approach to evaluate the cross section of those channels; (iii) diffractive part should be subtracted from the proton-proton inelastic cross section as well, reducing it from 42 mb down to 30 mb. As a consequence, all experimental results which use this cross section for normalization should be revised. In particular, data for high-p T hadron suppression in gold-gold collisions must be renormalized by factor 1.4.
Introduction
Recent data for high-p T hadron production in deuteron-gold collisions at √ s = 200 GeV at RHIC [1] demonstrate importance of these measurements for proper interpretation of data from heavy ion collisions. The observed nuclear effects at high-p T are pretty weak, the enhancement (Cronin effect) measured for pions by PHENIX is only about 10 − 20% in accordance with expectation of [2] and with somewhat larger effect found in [3] , while a suppression, rather than enhancement was predicted in [4] . To discriminate between these predictions the data should have at least few percent accuracy.
In this notes we draw attention to the fact that only the shape of p T -distribution was measured experimentally, while the normalization of the data is done employing theoretical calculations based on incorrect models. Therefore, the reported results of deuteron-gold measurements [1] may be considerably altered by more appropriate calculations. Results for high-p T particle suppression in gold-gold [5, 6] collisions are expected to be modified as well.
The nucleus to nucleon ratio demonstrating the well known Cronin effect [7] is defined as,
At large p T , of the order of few GeV this ratio exceeds one, but eventually approaches one at very high p T as is expected according to k T -factorization. Absolute values of the high-p T cross sections are difficult to measure at RHIC, only the fraction of the total inelastic cross section, dN hA /d 2 p T is known. Then, one has to normalize it multiplying the fraction by the total inelastic cross section,
where
Number of collisions: who is actually colliding?
Quite frequently N coll is interpreted as a number of collisions of projectile partons in the nucleus. However, in the definition Eq. (2) σ hA in depends only on the probability for the incoming hadron to get the very first inelastic collision, while subsequent final state interactions do not affect the cross section of the fully inclusive process due to completeness. After the first inelastic interaction the debris of the projectile keep traveling through the nucleus, but their cross section has apparently nothing to do with σ N N in .
Formally, one can relate N coll to the mean number of the Pomerons which undergo unitarity cuts, employing the Abramovsky-Gribov-Kancheli (AGK) cutting rules [8] which are not proven in QCD. Otherwise, N coll emerges in the Glauber model via the formal expansion of the exponential.
From the practical point of view, there is nothing wrong in using N coll as a multiplication factor for hard reactions, since it proportional to the nuclear thickness function T A (b), i.e. to the number of opportunities to perform a hard process. It is also properly normalized by the probability for the incoming hadron to make inelastic interaction at the given impact parameter [see (22) ].
The current analyses of RHIC data calculate N coll in Glauber model assuming σ N N in = 42 mb [9] . In these notes we challenge these calculations and show that the current results of the analyses of the d − Au and Au − Au data are subject to substantial changes.
There are two major corrections to be done to the results of data analysis.
Inelastic shadowing.
It is known that Gribov's inelastic corrections [10] to the Glauber approximation make nuclear matter more transparent and reduce the hadron-nucleus cross sections. An example, the total neutron-lead cross section measured and calculated in [11] , is depicted in Fig. 1 .
One can see that the deviation from the Glauber approximation is considerable and steeply Figure 1 : Data and calculations [11] for the total neutron-lead cross section as function of energy. The dashed curve is a result of Glauber model calculations, the solid curve is corrected for Gribov's inelastic shadowing. rises with energy. Apparently, it may become a substantial modification of the deuterongold cross section at the energy of RHIC which is 100 times higher than in fixed-target experiments at Fermilab. Thus, the recently released RHIC results [1] for nuclear effects, Eq. (2), must be renormalized,
where the denominator σ N A in (Glauber) overestimates the inelastic cross section σ N A in (even at low energy, see Fig. 1 ) and the renormalization factor in (4) might be considerably smaller than one. Unfortunately, no data are available so far at energies higher than shown in Fig. 1 . Therefore, evaluation of the renormalization factor in (4) can be done only within some models. Our own estimates presented below give a moderate reduction, about 20%. The weakness of the effect is based on a proper treatments of diffraction and is fixed by data on large mass diffractive dissociation of protons citekst.
At the same time, other models [12] predict quite a strong gluon shadowing in DIS even at high photon virtualities. Naturally, this effect cannot be weaker in soft NN interactions. Then it should lead to a suppression by factor of several caused by renormalization in (4) . Also, the strong saturation scenario advocated in [4] predicts a substantial reduction of gluons even at rather large transverse momenta. Then one should expect even a stronger suppression at small p T in soft interactions. This gluonic part of the Gribov's corrections should bring RHIC data for the ratio Eq. (4) down to the level predicted in [4] .
This means, that the current data for deuteron-gold collisions [1] cannot resolve the dilemma, whether final state interaction or initial conditions is the main source of hadron suppression. Indeed, the latter automatically leads to a substantial reduction of σ N A in and the ratio Eq. (4) (compared to Glauber model).
Note that although inelastic shadowing makes nuclear medium more transparent, it increases the mean number of collisions according to (3) . It sounds counter-intuitive that a hadron experiences more collisions in a less absorptive medium. Formally it follows from 3), but can be explained qualitatively. For instance, if one calculated the mean number of collisions in a photoabsorption reaction on a nucleus using the Glauber formula, the result will be very small, proportional to α em . However, N coll is defined for events when inelastic collision took place. In this case it comes from hadronic fluctuations of the photon and is much larger than number of collisions given by the Glauber formulas Eqs. (3)-(5). This example explains why the inelastic corrections increase N coll .
Diffraction must be removed.
The total inelastic NN cross section σ
= 42 mb commonly used in calculations and data analyses is not what is detected at RHIC. The trigger counters cover only the central rapidity region, |η| < 3 and miss large rapidity gap events where no particles are produced at central rapidities. The missed part of the cross section includes single diffraction of either one proton, or another, or both (diffractive excitation of nuclei in the case of d − Au collisions). This is a substantial part of the inelastic NN cross section, about 12/mb, at √ s = 200 GeV [13, 14] . Therefore, the part of the cross section detected at RHIC isσ N N in ≈ 30 mb. This correction apparently reduces the numerator in (3), but also affects the denominator. It has a maximal impact on gold-gold results.
Outline
This paper is organized as follows. We present a brief and simple derivation of basic formulae of the Glauber model [15] in Appendix A. In Sect. 2 perform numerical calculations for different channels of deuteron-nucleus reaction, total, total inelastic and tagged nucleon cross sections. We do it treating the deuteron as an elementary particle (genuine Glauber model), or considering its structure. In the latter case one already picks up a part of the inelastic shadowing corrections. Since we employ a smaller inelastic NN cross section than in [1, 9] we find a smaller than in [1] value of N coll = 5.6 for minimal bias inelastic collision, but larger number N coll = 5.0 for tagged events (doubled to be compared with minimal bias). These results are collected in Table1.
Inelastic shadowing corrections are introduced in Sect. 3. First, we use the traditional presentation in terms of inelastic diffractive excitations in intermediate state of hadronnucleus elastic amplitude (Sect. 3.1. This approach is quite restricted being unable to deal with higher order scattering terms which are especially important at high energies. Therefore, we switch to the eigenstate representation introduced in general terms in Sect. 3.2. Its realization in QCD is the light-cone color-dipole approach presented in Sect. 4.
The part of the inelastic corrections related to the lowest hadronic Fock component consisted only of valence quarks corresponds to diffractive excitation of resonances in usual terms. This contribution is analyzed and estimated numerically in Sect. 4.1. It turns out to be the major effect. Gluonic excitations corresponding to Fock states containing extra gluons are considered in Sect. 4.2. They correspond to diffractive excitations of large mass which are known to have quite a small cross section. This smallness led us to a prediction of rather weak gluonic shadowing, ∼ 20%, and small contribution to the inelastic corrections.
Our observations are summarized in Sect. 6. The main conclusion is that the current data for high-p T hadron production in deuteron-gold collisions are not decisive, and should be complemented with direct measurements of the inelastic cross sections.
Glauber model calculations for dA

Deuteron as a hadron
The basic formulae of Glauber approximation are derived in the Appendix. If to treat deuteron as a hadron, one can use those results and all relevant information about the deuteron size, its wave function and interaction is included in Γ dN el (s) which one needs to calculate
One can get the pd slope from the elastic pd cross section which was measured and fitted in [16] , dσ
with parameters b 0 = 32.8 ± 0.6 ( GeV 2 ) and b 1 = 1.01 ± 0.09 ( GeV 2 ). Parameter C pd = 54.0 ± 0.9 ( GeV − 2) was found to be energy independent. At the energy of RHIC B pd = 44.1 GeV −2 , then in the important range of |t| ∼ < 1/B pd the quadratic term in the slope is less than 3% and can be dropped. As a result, the amplitude in impact parameters has the Gaussian shape.
To calculate deuteron-gold cross sections using the Glauber formalism one needs to know the total and inelastic pd cross sections. The former can be calculated according to (A.10)-(A.11). We use parametrization of the deuteron formfactor from [17] ,
and α = 19.66 GeV 
The inelastic cross section Eq. (9) contains inelastic diffractive channels which escape registration at RHIC. Those include diffractive excitation channels, like quasielastic break up of the deuteron, pd → ppn, and excitation of the nucleons pd → Xd, pd → pY , and pd → XY . The rest we found to beσ pd in = 53.3 mb. Eventually, we are in a position to calculate deuteron-gold cross sections using Eqs. (A.5)-(A.16) and assuming that h ≡ d. We do calculations with nuclear density in the WoodsSaxon form ρ A (r) = 3 A 4πR
with R A = 6.38 fm and a = 0.54 fm. The result for the total σ dAu tot is shown in Table 1 . 
Deuteron as a nucleus
One can do calculations differently, treating the deuteron as a system of two nucleons interacting with the nucleus. Generalizing Eq. (A.5) from Appendix we get,
where r T is the nucleon spacing in the deuteron; |Ψ d (r T )| 2 is the deuteron wave function squared integrated over longitudinal coordinate. This expression is easy to interpret. The two first term in the exponent correspond to independent interaction of two nucleons displaced by distance r T . Of course, the smaller r T is, the stronger nucleons shadow each other, and this is accounted for by the third term.
One can see the difference between this expression and Eq. (A.5) (for h ≡ d). In the latter cases the averaging over r T is put up into the exponent, while in the former case, Eq. (11) the whole exponential is averaged. We will see in Sect. 3.2 that this difference is a part of the Gribov's inelastic corrections, so (11) makes the first step beyond the Glauber approximation. The reason why we consider this in this section is the process of deuteronnucleus interaction with a tagged nucleon, i.e. a detected spectator nucleon which did not take part in the interaction. One cannot treat the deuteron as an elementary hadron in this case.
Note that the last term in the exponent in (11) 
The quasielastic cross section including disintegration of the deuteron reads,
Note, that both (12) and (13) contain diffractive dissociation d → pn because we have an external average over r T weighted with the deuteron wave function. If to subtract (12) and (13) from (11) the result will be rather simple, similar to (A.15). However, we still miss the contribution of diffractive channels related to diffractive excitations of nucleons in the deuteron and nucleus. To include those, it is convenient to expand the exponentials in (13) 
Although the Glauber approximation cannot treat diffraction in a self-consistent way, one can use the following simple recipe. In order to take into account the possibility of diffractive excitation of nucleons in the colliding nuclei, one should replace in (14) 
The relative positions of the nucleons in the deuteron are controlled by the deuteron wave function squared |Ψ d (r T )| 2 integrated over longitudinal coordinate. It is given by the Fourier transform of the formfactor Eq. (9),
This is sufficient for our purpose, as far as the parametrization of data for F d (q) is successful. We need to know only the probabilistic position distribution of the nucleons in the impact parameter plane, rather than details of the spin-orbital structure of the deuteron. Using this expression we calculated (16) and the result is shown in Table 1 . The corresponding number of collisions is rather small compared to quoted in [1] The probability distributions in impact parameters for inelastic deuteron-gold collisions (three upper curves) and tagged events (bottom curves). b is impact parameter of the center of gravity of the deuteron. The dashed curve corresponds to the Glauber approximation. The thin solid curves include inelastic shadowing related to excitation of the valence quark skeleton. The thick solid curves are final, they include gluon shadowing as well.
dA collisions with a tagged nucleon
Assume that the proton in the deuteron interacts inelastically with the nucleus, while the neutron is a spectator. The cross section of this process can be written as, (11),
The first factor here is a probability for the neutron to have no interaction 1 . The second factor is the probability for the proton to interact inelastically, i.e. elastic and quasielastic terms are subtracted (see Appendix).
After integration over the coordinates of bound nucleons we get,
Here we made a correction for diffractive channels replacing σ
in . In the second exponential, in the small terms containing σ N N el we neglected the small variation of T A convoluted with Gaussians having different slopes. Note that those terms describing the interference (Glauber correction) between interactions with the nucleus of the two nucleons in the deuteron, vanish at large separations r T . In this case the nucleons act independently.
We can also calculate the number of collisions for events with a tagged nucleon.
The results for N tagg coll and σ dA tagg are shown in Table 1 . Note that we double N coll for tagged events in order to compare with inelastic dA collisions. The mean value of N coll for tagged events turns out to be nearly equal to the minimal bias value, Eq. (3). This contradicts the intuitive expectation that tagged events are more peripheral than minimum bias inelastic collisions and nucleons should have less collisions. Indeed, that is confirmed by the impact parameter distributions depicted by dashed curves in Fig. 2.2 .
There are few reasons why two classes of events having different impact parameter distributions possess similar numbers of collisions: (i) The distributions plotted in Fig. 2.2 are for the center of gravity of the deuteron. Although it peaks at the nuclear periphery, the proton is walking at a large distance of about 2 fm and has b-distribution more similar to the one in minimal bias events.
(ii) The absorption cross sectionσ N N in = 30 mb is rather small and tagged events are less peripheral compared to calculations employing a larger σ N N in . (iii) As was already mentioned, N coll should not be treated literally as number of collision. This terminology may mislead. For example, at given impact parameter,
When we compare deuteron and nucleon, the numerators are different by about factor 2. Then in central collisions the denominator is just one, both for deuteron and nucleon, and indeed, the deuteron exposes twice as large N coll as the nucleons. However, on the periphery where
cancels and deuteron and neutron have the same number of collision. This is not a surprise, N coll are counted only for events where inelastic interaction has happened, but they are less frequent on the nuclear periphery. Thus, doubling N coll of tagged events to compare with deuterons, we overestimated this number, especially for peripheral collisions. tions for inelastic shadowing were introduced by Gribov back in 1969 [10] . The formula for the inelastic corrections to the total hadron-nucleus cross section was suggested in [18] ,
where σ hN sd is the cross section of single diffractive dissociation hN → XN with longitudinal momentum transfer
One can see from Fig. 1 that this formula does a good job describing data at low energies [11, 19] since takes care of the onset of inelastic shadowing via phase shifts controlled by q L . Higher order off-diagonal transitions are suppressed in this case. Diagonal transitions (or absorption of the excited state) are important, but unknown. The intermediate state X has definite mass M, but no definite size, or cross section. It was ad hoc fixed in [18] at σ hN tot . It has been a long standing problem how to deal simultaneously with phase shifts which are controlled by the mass, and with the cross section which depends on the size. This problem was solved in [20, 21] within the light-cone Green function approach (see Sect. 4.2).
The situation changes at the high energies of RHIC and LHC, all multiple interactions become important, but phase shifts vanish, substantially simplifying calculations. No experimental information, however, is available for off-diagonal diffractive amplitudes for excited state transitions X 1 → X 2 . A solution suggested in [22] is presented in the next Sect. 3.2.
There is, however, one exclusion free of these problems, hadron-deuteron collision. In this case no interaction in intermediate state is possible and knowledge of diffractive cross section NN → NX is sufficient to calculate the inelastic correction with no further assumptions. In this case Eq. (23) takes the simple form [10, 23] , analogous to (A.11),
We calculate this correction for pd collisions following [17] at √ s = 200 GeV using the 
Eigenstate method
If a hadron were an eigenstate of interaction, i.e. could undergo only elastic scattering (as a shadow of inelastic channels) and no diffractive excitation was possible, the Glauber formula would be exact and no inelastic shadowing corrections would be needed. This simple observation gives a hint that one should switch from the basis of physical hadronic states to a new one consisted of a complete set of mutually orthogonal states which are eigenstates of the scattering amplitude operator. This was the driving idea of description of diffraction in terms of elastic amplitudes [24, 25] , and becomes a powerful tool for calculation of inelastic shadowing corrections in all orders of multiple interactions [22] . Hadronic states (including leptons, photons) can be decomposed in a complete set of such eigenstates |k ,
where Ψ h k are hadronic wave functions in terms of Fock state decomposition. They obey the orthogonality conditions,
We denote by f kN el = i σ kN tot /2 the eigenvalues of the elastic amplitude operatorf neglecting its real part. We assume that the amplitude is integrated over impact parameter, i.e. that the forward scattering elastic amplitude is normalized as |f kN el | 2 = 4 π dσ kN el /dt| t=0 . We can then express the hadronic amplitudes, the elastic f el (hh) and off diagonal diffractive f sd (hh ′ ) amplitudes as,
Note that if all the eigen amplitudes are equal the diffractive amplitude (29) vanishes due to the orthogonality relation, (27) . The physical reason is obvious. If all the f kN el are equal, the interaction does not affect the coherence between the different eigen components |k of the projectile hadron |h . Therefore, off diagonal transitions are possible only due to differences between the eigen amplitudes.
If one sums over all final states in the diffractive cross section one can use the completeness condition (27) . Excluding the elastic channels one gets [22, 26, 27] ,
This formula is valid only for the total (forward) diffractive cross section, but cannot be used for exclusive channels. As far as the main problem of Glauber approximation is the need to include off-diagonal transitions, one should switch to an eigenstate basis. Then each of the eigen states can experience only elastic diffractive scatterings and the Glauber eikonal approximation becomes exact, no need for inelastic corrections. Thus, all expressions for cross sections of different channels derived in Glauber approximation in Appendix A are exact for any of the eigenstates. Then, the corresponding cross sections for hadron-nucleus collisions are obtained via a proper averaging of those in Appendix A [22, 27] ,
It is interesting that the last expression for σ hA in is already free of diffraction contribution. Although only elastic and quasi-elastic cross sections were subtracted from σ hA tot in Glauber model in Appendix A, after averaging over eigenstates it turns out that diffraction is subtracted as well. Indeed, direct averaging of the elastic cross section Eq. (A.12) is different from (32) and includes coherent diffraction, hA → XA, which cross section reads [22, 27] ,
Direct averaging of the quasi-elastic cross section Eq. (A.15) leads to inclusion of diffractive excitation of the hadron h → X besides excitation of the nucleus, A → Y .
Thus, Eq. (33) resulting from a direct averaging of the single channel inelastic cross section Eq. (A.16) corresponds to the part of the total hA cross section which does not contain, elastic scattering, hA → hA, coherent diffraction, hA → XA, quasi-elastic, hA → hY , and double diffraction, hA → XY . This part of the cross section is what is measured as the inelastic cross section in heavy ion and p(d)A collisions at SPS and RHIC, and what we are going to calculate below.
One may wonder, what is the difference between the cross sections Eqs. (31)- (33) and those in Glauber approximation, Eqs. (A.5), (A.12) and (A.16)? The difference is obvious, in the former set of equations the exponentials are averaged, while in the Glauber approximation contains exponentials of averaged values. For instance, the total cross section in the Glauber approximation reads,
where σ tot = σ hN tot . If to subtract this from Eq. (31), the rest is the Gribov's inelastic correction calculated in all orders. Indeed, we can compare it with the expression Eq. (31) expanding the exponentials in (31) and (35) in multiplicity of interactions up to the lowest order. Employing (30) we find,
This result is identical to Eq. (23), if to neglect there the phase shift vanishing at high energies, and also to expand the exponential.
Note that since the inelastic nuclear cross section in the form Eq. (A.16) is correct for eigenstates, one may thing that averaging this expression would give the correct answer. However, such a procedure includes possibility of excitation of the projectile and disintegration of the nucleus to nucleons, but misses possibility of diffractive excitation of bound nucleons which is not a small correction. We introduce a corresponding correction in the next section.
4 Light-cone dipole representation for inelastic shadowing
Excitation of valence quarks
The light-cone dipole representation in QCD was introduced in [27] where it was realized that color dipoles are the eigenstates of interaction and can be an effective tool for calculation of diffraction and nuclear shadowing. The cross section of the dipole-nucleon, σ N(r T ), is a universal, flavor independent function, which depends only on the transverse separation r T and energy. Of course the energy must be sufficiently high to freeze variations of the dipole size during interaction, otherwise one should rely on the Green function approach [20, 21, 28] (see Sect. 4.2).
An effective way to sum up all multi-step inelastic corrections in all orders using the color-dipoles was suggested in [27] . Since dipoles are eigenstates of interaction in QCD, no diffractive excitation is be possible, and the eikonal approximation becomes exact. Therefore, if energy is high enough to keep the transverse size of a dipole "frozen" by Lorentz time dilation during propagation through the nucleus, one can write the cross sections in the form Eqs. (31)- (33) . The averaging in this case means summing-up different Fock components of the hadron consisted of different numbers of quarks and gluons, and for each of them integration over r T (intrinsic separations) weighted with the square of the hadron light-cone wave function |Ψ h (r T )| 2 . We assume that the hadron does not have a "molecular" structure, i.e. is not like a deuteron consisting of two colorless clusters. Therefore all following expressions apply only to elementary hadrons. To simplify calculations, in what follows we rely on the quark-diquark model of the proton, neglecting the diquark size. The total cross section is basically insensitive to the diquark size, besides, there are many evidences that this size is indeed small [29] .
Assuming that the hadronic wave function has a Gaussian form and the dipole cross section σ(r T ) ∝ r 2 T (this small-r T behavior does a good job describing hierarchy of hadronic cross sections and their sizes [30] ) we can perform averaging in (31)- (33) and arrive at rather simple expressions,
The combined cross section of diffraction when the hadron may be either excited or not, but the nucleus remains intact, reads,
The cross section of the reaction where the nucleus is diffractively excited, and the hadron remains intact or is excited as well, reads,
Deriving Eq. (40) we made use of smallness of the elastic cross section and expanded the exponential. Higher orders of σ hN el are neglected, but the corrections are easy to calculate. We also neglected the small variation of the elastic slope of the dipole-nucleon cross section with r T .
Eq. (40), as one can see from (41), takes into account possibility of diffractive excitation of the projectile. This is a direct consequence of the eigenstate approach. Besides, we also include the possibility of diffractive excitation of bound nucleons in the target introducing factor K hN . Those excitations are not shadowed by multiple interactions in the nucleus, since all extra particles produced this way stay in the nuclear fragmentation region and do not break down the large rapidity gap structure of the event. Therefore, they may be incorporated via the factor,
where σ (41) do not produce any particles at central rapidities. Therefore, if one wants to calculate the part of the total hadron-nucleus cross section detected experimentally, one should subtract these diffractive contributions,
Since pp cross section is used as a baseline for comparison, the same subtraction should be done in this case too,σ
what comes to aboutσ pp in = 30 mb at √ s = 200 GeV.
Thus, the number of collisions at given impact parameter corrected for inelastic shadowing reads,
Deuteron-nucleus collisions. So far we considered the case of a colorless hadron , but colored constituents. The specifics of a deuteron is that it contains two colorless clusters, nucleons. Therefore, one of the inelastic corrections already taken into account in (11) takes care of fluctuations of the deuteron size. Now we can rewrite the total deuteron-nucleus cross section averaging over nucleon sizes, r 1 and r 2 ,
Correspondingly, the total cross section of elastic scattering and diffractive excitation of the deuteron has the form,
Finally, we can calculate the inelastic non-diffractive dA cross section subtracting (19) from (11) and also the cross section of diffractive excitation of the nucleus. The results read [compare with (43)],
We can also write the cross section for tagged events corrected for inelastic shadowing,
We calculated the cross sections of non-diffractive inelastic dAu collisions, Eq. (50), and tagged events, Eq. (52). The results, as well as the corresponding numbers of collisions are shown in Table 1 and in Fig. 2.2 . The effect of inelastic corrections on the impact parameter distribution of tagged events is tremendous. This is what one should have expected. Indeed, for a nearly black nucleus inelastic corrections keep it black since transparency, or the exponential term is so small that even if it is modified by a large factor, the final change is very small. However, tagged events is a direct measure of transparency, and the inelastic corrections are maximal in this case. It is not surprising that N coll is now even larger in tagged events than in minimal bias collisions (see discussion in Sect. 2.3). Realistic dipole cross section. The dipole cross section σ N∝ r 2 T used above is justified for small r T , but is known to level off at largeqq separations. One can do a more reliable calculation using a realistic phenomenological cross section. A quite popular one suggested in [31] and fitted to HERA data for F 2 (x, Q 2 ) should not be used for our purpose, since it is unable to provide the correct energy dependence of hadronic cross sections. Namely, the pion-proton cross section cannot exceed 23 mb 2 . A more appropriate for soft hadronic physics dipole cross section was proposed in [32] :
where r 0 (s) = 0.88 f m (s 0 /s) 0.14 and s 0 = 1000 GeV 2 . In contrast to [31] all values depend on energy (as it is supposed to be) rather than on x and we introduce an energy dependent parameter σ 0 (s),
Here r 2 ch π = 0.44±0.01 f m 2 [33] is the mean square of the pion charge radius. Cross section (53) averaged with the pion wave function squared automatically reproduces the pion-proton cross section. The pp total cross section is also well reproduced using the quark-diquark approximation for the proton wave function. The parameters are adjusted to HERA data for the proton structure function. Agreement is quite good up to at least Q 2 ∼ 10 GeV 2 sufficient for our purposes. With such a dipole cross section one can perform analytic calculations expanding the Glauber exponents in (31)-(34). The total cross section gets the form,
In all these equations
Now one can calculateσ hA in subtracting (56) and (57) from (55). However, in this paper we restrict ourselves by calculations performed above and leave this more complicated computation for further study.
Gluon shadowing
Gluon shadowing is an important source of inelastic corrections at very high energies. It is pretty clear if one employs Eq. (23) . The part of the diffraction which corresponds to the triple-Regge graph IP IP IR, or the lowest order Fock component consisted only from valence quarks, has a steep M-dependence, dσ
Therefore the integral over M 2 in (23) well converges, the minimal momentum transfer q L vanishes at high energies, and this part of inelastic corrections saturates.
The triple-Pomeron (IP IP IP ) part of diffraction which corresponds to the Fock state containing at least one gluon, is divergent at large masses, dσ
The cut off is imposed by the nuclear formfactor in (23), i.e. the condition q L ∼ < 1/R A . As a result, this part of the inelastic corrections rises as ln(s/s 0 ) and reaches a substantial value at the energy of RHIC.
As we have already mentioned, Eq. (23) should not be used at high energies as it misses all higher order multiple off-diagonal transitions, and incorrectly (ad hoc) calculates diagonal ones. On the other hand, the eigenstate expressions Eqs. (31)- (33) cannot be used either. Indeed, the most important part of the integral over M 2 in (23), next to the upper cut off, corresponds to a finite q L . In other words, the fluctuation valence quarks -gluon is not frozen by Lorentz time dilation during propagation through the nucleus.
A proper treatment of a quark-gluon fluctuation "breathing" during propagation through a nucleus is possible within the light-cone Green function formalism. In this approach the absorption cross section, as well as the phase shifts, are functions of longitudinal coordinate. This is also a parameter-free description, all the unknowns are fixed by comparison with other data. We employ this approach and calculate gluon shadowing following [32] .
As usual, we treat shadowing for soft gluons as a contribution of the gluonic Fock component to shadowing of the projectile-nucleus total cross section. The mean quark-gluon separation 1/b 0 ≈ 0.3 f m is much smaller that the quark separation in light hadrons. For this reason one can neglect the interferences between the amplitudes of gluon radiation by different valence quarks. Since the gluon contribution to the cross section corresponds to the difference between the amplitudes of |qqqG and |components, the spectator quarks cancel out. Then the radiation cross section is controlled by the quark-gluon wave function and color octet (GG) dipole cross section.
Thus, the contribution to the total hadron-nucleus cross section which comes from gluon radiation has the form,
. Here the energy and Bjorken x are related as s = 2m N ν = 4b 2 0 /x. The Green function G GG ( r 2 , z 2 ; r 1 , z 1 ) describes propagation of the GG dipole whose constituents interact with each other, as well as with the nuclear medium. It satisfies the two dimensional Schrödinger equation,
For further calculations we assume that the quark energy is E q = s/6m N , but the results are hardly sensitive to this approximation. Perturbative calculations treating a quark-gluon fluctuation as free particles overestimates the cross section of diffractive gluon radiation (or the triple-Pomeron coupling) more than by an order of magnitude. The only way to suppress this cross section is to reduce the mean transverse size of the fluctuation. This is done in [32] via introduction of a real part of the light-cone potential in (61),
where parameter b 0 = 0.65 was fitted to data for single diffraction pp → pX. 
The quark-gluon wave function in (60) has a form,
Integrations in (60) can be performed analytically,
The results of calculations for the ratio of inelastic correction related to gluon shadowing to the total p −Au cross section are depicted in Fig. 4 . The onset of shadowing is delayed up to √ s ∼ 20 GeV. We believe that this result is trustable since the Green function approach treats phase shifts and attenuation in nuclear matter more consistently. Nevertheless, in order to get an idea about the scale of theoretical uncertainty we also evaluated the magnitude of gluon shadowing using known values of the triple-Pomeron coupling and equation (23) . The problem of direct calculation of the effects related to higher Fock states containing more gluons is still a challenge. Intuitively, one could think that if the gluon density in the nucleus is suppressed at small x, the color-dipoles should interact weaker. Indeed, the gluon density in the target comes as a factor in the dipole cross section at small r T . Therefore, we use the prescription proposed in [34, 35] and use the gluonic suppression R G as a factor weakening the dipole cross section in all expressions in Sect. 4. Correspondingly, the cross section become somewhat smaller, numbers of collision larger. This results are shown in Table 1 and depicted in Fig. 2.2 by solid curves.
We see that at the energy of RHIC the gluon shadowing reaches only 20%. Such a weak effect is a direct result of the large value of parameter b 0 which we use. This seems to be the only way to suppress diffractive gluon radiation corresponding to the triple-Pomeron contribution, and to reach agreement with data on diffractive dissociation pp → pX. For this reason, all effects related to gluons, including saturation, or color-glass condensate, are quite suppressed. Some models, however, predict much stronger effects. For instance, a very strong gluon suppression was claimed in DIS in [12] , by factor 2.5 at small x. Apparently, one should not expect a weaker shadowing effect in soft hadronic collisions. A strong gluon suppression was also predicted in [4] in a model with very strong saturation effects. On the contrary to the wide spread opinion, this model is not rejected by the recent data for dAu collisions at RHIC, because such strong gluon shadowing, unavoidably substantially reduces the inelastic dAu cross section compared to Glauber model calculations. Then the data must be renormalized according to (4) resulting in suppression of hadrons at high p T .
Number of participants
Although the concept of number of participants originates from the naive approach called wounded nucleon model, it is a widely used characteristics of centrality of collisions, and we are going just to employ its formal definition,
where s is the parameter of collision of nuclei A, B. We use subscript Gl to emphasize that it corresponds to this model which is inspired by the Glauber model (although they have nothing in common).
Aparently additional inelastic shadowing corrections should reduce N p since nuclear matter becomes more transparent. The corrected expression for N p reads,
Here the gluon shadowing factor R G is function of impart parameter according to calculations in [32, 35, 36] . At very high energies under discussion R G is about linear function of
, where ǫ = 0.2 fm −2 . We present the correction to the "Glauber" expression defines as,
in Fig. 5 depicted by solid curve. As one could expect, the correction factor peaks at the nuclear periphery and approaches one at large impact parameters.
As was mentioned above in many cases in simulation of multiparticle production N p was calculated using overestimated inelastic NN cross section, for instance in [37] 
Summary and conclusions
The mail observations and results of this paper are:
• The inelastic NN cross section should be corrected for diffraction resulting in a substantial reduction from σ N N in = 42 mb down toσ N N in ≈ 30 mb.
• As a result, data for R AA (p T ) for gold-gold collisions from PHENIX and PHOBOS must be multiplied by factor 1.4. Data for R AA from STAR seems to be unchanged, since they divided by own properly normalized data for dσ pp /dp 2 T .
• Besides the modification of σ N N in the Glauber approximation itself must be corrected for inelastic shadowing. Importance of these corrections is not debatable, they have solid theoretical ground and are confirmed by precise measurements [11, 19] (see Fig. 1 ). These corrections have negative sign, i.e. make nuclear medium more transparent for hadrons. They are about 10% at Fermilab and steeply rise with energy, especially their gluonic part. We expect at RHIC about 20% reduction of total cross sections compared to the Glauber model. We derived formulas for evaluation of these corrections in different channels. Greatest effect of enhanced nuclear transparency is found to the channel with a tagged nucleon.
• The combined effect of reduction σ N N in →σ N N in and inelastic corrections is more complicated for of d − Au than for AA collisions. In this case both the numerator and denominator are modified. The modifications of the numerator and denominator partially compensate each other, except STAR data, where the effect of reduction of R dA is maximal.
• We predict rather moderate gluon shadowing, about 20%. A much stronger suppression of gluons in nuclei even at large virtualities was predicted in [4, 12] . If it were true, one should expect a much stronger inelastic corrections related to gluon shadowing, i.e. the inelastic deuteron-gold cross section will be substantially reduced. Therefore, the ration R dA will drop quite below one, in agreement with the suppression predicted in [4] . Thus, one cannot claim that the new d − Au data is not compatible with the model [4] . The data do agree with the model predictions provided that the same model is used for calculation of the inelastic nuclear cross section and normalization of the data.
• Since inelastic shadowing makes nuclei more transparent it also substantially reduces the number of participants.
• We should conclude that the RHIC data for d − Au collisions in its current form has a weak testing power. Namely, they are unable to discriminate between quite different models. Indeed, if one is testing the Glauber model without any Gribov's correction, no suppression for the Au/p ratio, but a slight enhancement is expected. And the data confirm that. On the contrary, if one takes a model with strong saturation of gluons in nuclei, the inelastic nuclear cross section gets huge Gribov's corrections which make N coll much larger than the value suggested by the Glauber model. Correspondingly, the Au/p ratio at large p T drops down to small values in agreement with expectations of this model [4] .
• Probably the only way to settle this uncertainty is a direct measurement of the total inelastic nondiffractive dAu and pp cross sections at RHIC. where ∆σ
One can switch via Fourier transform to momentum representation in each of these three factors and perform integration over r T and b. The result has a form of a one-dimensional integral [15] ,
where F d (q 2 ) is the charge formfactor of the deuteron. We neglected the correction ∼ 10 −3 due to the nonzero real part of the forward NN amplitude. Note that s in (A.11) is the deuteron diameter, rather than the radius. This is why the formfactor argument is 4q Diffractive cross section. One needs to know this cross section in order to subtract it also from the inelastic cross section, since diffractive events escape registration at p(d)A collisions at SPS and RHIC. The Glauber approximation is valid only for a single channel problem. One can extend it to include diffraction properly introducing phase shifts due to longitudinal momentum transfer. However, one needs to know the cross section of interaction of the produced diffractive excitation with nucleons. This goes beyond the reach of the Glauber model, and instead of further ad hoc development of the model, we solve this problem within the eigenstate method in Section 3.2.
